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INFORMAL  REPORT 


The  kiformal  Report  (iR)  os  produced  of  the  Naval  Oceanographic  Office 
is  a  meant  for  personnel  to  issue  timely  scientific  and  technical  preliminary 
reports  of  iheir  hvestigations.  These  are  primarily  informal  documents 
used  to  report  preUrnfaiary  findings  or  useful  byproducts  of  hvestigations 
and  work  to  members  of  the  tdenh'fic  and  induce!  communities. 


htformol  Reports  are  assigned  sequential  numbers  for  each  calendar  year; 
the  digits  precedmg  the  dash  indicate  the  year. 


The  distribution  mode  of  this  report  is  determined  pcimartly  by  the  author. 
Informotion  concerning  obtobung  additional  copies  or  being  placed  on  a 
distribution  list  for  all  future  Informal  Reports  in  a  given  area  of  interest 
or  specialty  field,  should  be  obtained  from: 


Distribution  Control  Department 
Code  4420 

Naval  Oceanographic  Office 
Washington,  D.C.  20390 


Ikn*  «eatt«riat  layn  Mist  in  thn  nlninua  0,  nflen  of  tho 
•astom  trepienl  Pacific.  Marinun  scattoring  within  thota  layart  was 
iatansinad  hy  docraasiag  achosoundar  gain.  Ragxassien  analjrsas  warn 
nada  of  various  biological  and  diauical  parauatars.  and  corralation 
eoafflciants  batwaaa  thasa  parauatars  and  uariniui  scattaring  depths 
were  dataminad.  Iha  correlation  coafficiants  show  peak  nitrite  eon- 
cautratians  to  be  intinataly  related  to  tha  shallowest  nigrating 
acattaring  Iqfor.  In  addition*  correlations  batwaan  peaks  of  scatter¬ 
ing  in  tha  surface  layer  and  nasinf  C..  activity  and  chlorophyll  ^ 
caneentration  suggest  that  thasa  parauatars  nay  possibly  be  neasurad 
by  high-frequency  sound  sources. 

Trawl  data  suggest  snail  bathypalagie  fishes  and  xoqplankton  as 
causes  of  tha  shallowest  uigratii^  scattering  Iqrar  and  large  bathy- 
palagic  fitkt  as  the  emsa  for  the  Repast  lajrar. 
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INTROOIKTION 


Ctrtaia  aarin*  aaiaals  are  liaitad  to  ttratifiad  layorf  ia  ttm  aatar 
eolvBB,  rathar  than  balag  unlforaly  dlstributad.  Hny  of  tbasa  aaiaais 
uadartaka  eoesidarabla  diumal  vartieal  algratleas  ahich  eaa  bo  folloaad 
by  aouad  raafiag  (Rayaont,  1963;  Harsay  aad  Baekua,  1962).  Echoaouadara 
aad  filtarad  tdtita  noiaa,  uaad  to  datact  aad  atu<l|y  tha  atratifiad  layara, 
hava  daliaaatad  gaaaral  charaetariatiea  and  gaogtaphie  diatributioa  of 
thaaa  layara  (Bakloaiahav,  1956;  Harsay  aad  Baekua,  1954;  aad  Tdiarala, 
1950).  Such  layara  occur  in  avary  aajor  uatar  body  in  tha  world  aad 
ara  eoaawnly  daacribad  aa  daap  acattaring  layara  (DSL). 

Many  attai^ita  to  idantify  tha  orgaaisas  raaponsibla  for  acattaring 
layars  hawa  predoead  inconcluaiva  rasults.  Varioua  authora  hava  auggaa- 
tad  such  widely  divaraa  organisns  as  squid,  ptaropoda.  aiphonophoras. 
aitphausiida,  and  bathypalagie  fiahas  as  tha  eauaativa  organiaaa.  Racant 
raaaardi.  however,  haa  directed  attention  to  tha  air  bladdara  of  certain 
families  of  bathypelagic  fishes  as  the  probable  causa  of  tha  DSL  phanonana 
recorded  on  ediosounders  (Horsey  and  Backus,  1954,  1962;  Marshall , 1951 ; 
and  Andreeva,  1964) .  Bathypelagic  fishes  are  believed  to  be  intimately 
associated  in  a  hunter-hunted  relationship  with  other  types  of  organisan 
which  inhabit  these  layers.  These  organisns  (mainly  tooplankton)  grate 
on  phytoplankton  which  in  turn  are  dependent  on  dienical  nutrients  aad 
light  (Axon,  1960;  Beklemishev,  1956;  and  Raymont,  1963). 

Assuming  that  a  correlation  should  exist  between  some  link  in  this 
chain  and  the  scattering  layers,  research  was  undertaken  aboard  the  R/V 
TE  VEGA  during  April  and  Nay  1967  under  the  auspices  of  the  Hopkins  Marine 


MmUm  9i  auafsrd  Uiivsnlty 

NRHOM 

A  MdlfM  Ttekar  trawl  nat  dasignad  atpacially  for  collactisg  aacro* 
pladttOB  and  arttoa  was  osad.  Two  davieas  wara  attachad  to  tha  nat 
taidte:  a  ataadaid  bathykyograph  tdiich  racordad  tina  varsus  depth  and 
a  dawlea  for  praaattlag  tha  tiaa  of  opening  and  closing  of  tha  nat.  Tha 
not  was  always  lowered  with  tha  wouth  closed. 

Seattarlag  was  recorded  un  two  Siarad  aehosoiaidars.  The  first,  a 
aland  Sonar,  Model  S40-4  (Siaonsan  Radio  A.S.,  Oslo),  was  powered  by 
a  24»volt  Constavolt  battery  aliainator  nodal  602A.  It  operated  at  a 
fraqnaacy  of  SO  kHx  with  a  pulse  power  of  1,000  watts.  This  achosoimdar 
was  oparatad  on  a  dapth*soiaidiag  node  with  ranges  of  0>130,  100-230,  and 
200-330  fathou.  A  ftmrth  range  of  0-1,500  aatars  was  rarely  used  owing 
to  lad(  of  definition  of  tha  scattering  l^rar  at  this  setting  (fig.  2d). 
Most  recordings  ware  node  with  a  pulse- length  setting  of  one  and  sensiti¬ 
vity  (gain)  settings  of  6  to  9.  Hi^  signal  to  noise  ratios  swde  it  in- 
practical  to  record  scattering  layers  while  underway. 

The  second  echosounder,  a  Sinrad  Echo-Sounder,  Typ*  513-1,  was 
powered  by  the  ship's  generators  boosted  fron  115  to  220' volts  by  a 
Siarad  transforaer.  Type  517-33.  Pulse  power  was  800  watts  at  a  fre- 
qnenqr  of  11  Mis.  This  instruaent  proved  unsatisfactory  for  recording 
scattering  layers  owing  to  nany  artifacts  that  appeared  on  the  echograas. 
These  artifacts  were  believed  to  be  caused  by  fluctuations  in  the  TE  VEGA 
power  supply.  Persistence  of  this  problen  throughout  the  cruise  rendered 
recordings  by  this  instnasent  unreliable. 
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Water  saaplaa  ware  eollaetad  at  aadi  station  with  standard  Naasan 
casts.  Tha  SHplas  ware  analyzad  for  aaBonia.  nitrite,  nitrate,  plies]ihata, 
silicate,  salinity,  and  oxygen  concentrations.  In  addition,  water  was 
collected  fron  the  photic  tone  at  depths  of  the  1,  10,  2S,  50,  and  100 
percent  light  levels  with  a  glass  cylinder  closed  at  the  desired  depths 
by  a  aessenger..  Approzinately  10.5  liters  were  collected  for  C|4  and 
dilon^yll  neasitreaents.  Nitrate  was  neasured  by  the  nethod  of  Grasshoff 
(1964) ,  O2  by  the  Winkler  nethod  as  nodified  by  Carpenter  (1965) ,  and 
the  renaining  deteminations  by  the  aethods  outlined  in  Strickland  and 
Parsons  (1965). 

nBSULTS 

Scattering  layer  analyses  for  the  IS  stations  used  in  this  report 
are  shewn  in  tdtle  1.  Scattering  layers  were  recorded  before,  during, 
and  after  water  sample  collections.  In  addition,  ediograas  were  taken 
during  sunrise  and  evening  vertical  nigrations.  Table  1  shows  the  geo¬ 
graphical  position  of  stations,  depth  to  top  of  layer,  thickness  of 
Imyn,  and  depths  of  aaxiaua  scattering  for  each  layer.  The  survey 
area  and  the  O2  ainiaua  region  are  shown  in  figure  1. 

Figure  2  shows  soae  representative  ediograas.  Three  recordable 
daytiae  la)rers  were  always  present.  The  first,  a  shallow  scattering 
layer,  occurred  at  all  tines,  varied  in  thickness  between  62  and  173 
waters,  and  usually  increased  in  thickness  at  night  when  the  nigrating 
layers  nerged  with  it.  Reduction  of  ediosounder  gain  during  the  day 
pemittml  detemination  of  the  ^iproxiaate  depth  of  naxinus  scattering 
within  each  layer  (e.g.  fig.  2a).  One  or  two  such  depths  usually 
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—ttfi  la  tlM  diallow  layar,  Init  as  aaiqr  as  thraa  wars  noted.  Hie 
aaeoad.  aad  next  dtalloaest  layer,  was  a  aifratlng  layer.  Hie  daytiae 
deptil  to  the  top  of  this  Iqrer  varied  between  238  and  320  aeters,  and 
its  thidOMSs  varied  between  22  and  9S  aeters.  Hiis  layer  showed 
heavier  seatterinf  on  tiie  30>kHz  echosounder  than  did  the  deepest 
scatteriaf  layer.  Its  evening  aigration  began  at  the  seae  tiae  as  that 
of  the  deepest  Iqrer,  aad  it  aerged  with  the  surface  layer  first.  Its 
downward  (sunrise)  aigration  began  later  then  that  of  the  deepest  layer 
and  it  naintained  the  sane  vertical  distance  between  itself  and  the  deep' 
est  l^rer  during  the  aigration.  Hie  deepest  layer  was  also  a  aigrating 
layer  idMse  daytiae  depths  varied  between  32S  and  440  aeters.  Its 
thickness  ranged  frca  26  to  91  aeters.  Hiis  layer  never  showed  excep¬ 
tionally  coacentrated  scattering  and  was  barely  recordable  at  tines; 
however,  it  was  always  present.  Migration  of  this  layer  was  identical 
to  the  second  l^rer,  varying  only  in  starting  tines.  Migration  rates 
ranged  froa  4.9  to  9.1  a/nin  with  the  rate  increasing  gradually  fron 
the  beginning  of  eadi  aigration  (fig.  2b)  to  the  naxiaun  rate. 

Midday  Hicker  trawls  at  stations  659,  663,  and  664  caught  bathy- 
pelagic  fish  iqi  to  IS  cn  in  length  at  depths  between  320  and  625  aeters. 
Hie  deepest  scattering  layer  was  within  these  depth  liaits  at  this  tiae. 
In  addition,  bathypelagic  fish  of  the  sane  general  size  were  caught 
between  270  md  385  aeters  at  approxinately  1830  local  tiae  at  station 
652,  when  the  deepest  layer  was  aigrating  through  this  depth  range. 
Trawls  towed  below  650  aeters  showed  a  definite  paucity  of  organisns. 
Daytiae  trawls  nade  at  the  depths  of  the  shallowest  aigrating  layer 
eontained  greater  concentrations  of  zooplankton  and  bathypelagic  fish 
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ftMllar  thas  thoM  eamliC  la  dftapar  tfavl*. 

Qwicftl  ftBalysifl  of  watar  saaplaa  Amfd  a  dafiaita  aitrita  pMk 


that  variad  bataaaa  200  aad  S2S  aatara.  A  dxap  la  altnta 


itratioa 


aasoelatad  witii  this  paak  could  aet  ba  lalatad  stolchlaastTically  to 
tha  rlsa  la  altrlta  eeaeaatratioa.  Tha  paak  altrlta  eeacaatratlea  saa 
bataaaa  1.07  aad  1.80  /ig-ataas/ft.  Pifuia  3  Aews  typical  aitrita  aad 


nitrata  coacaatratloas  ia  tha  araa. 

As  praviously  aantlonad,  tha  approxiaata  dapth  of 


scattar- 


iag  wlthla  Iqrars  could  ba  dataxaiBad  by  dacraasing  tha  gain  of  tha  ache> 
soiaidar  (figs.  2a.  c.  d).  A  laast  squares  ragrasslon  analysis  of  tha 
ralatiflosh^p  between  this  scattering  peak  and  the  dapth  of  naxinun 
nitrite  caneantratieBs  is  shown  in  figure  4.  A  slallar  analysis  far 
tha  aitrita-nltrata  relationship  is  shown  in  figure  5.  lhasa  relation¬ 
ships  had  correlation  coefficiants  of  0.72  and  0.6S  with  95  percent 
confidence  linits  ranging  fron  0.4  to  0.9  aad  fxon  0.2  to  0.8.  raspac- 
tivaly.  Tha  aquations  tor  tha  analyses  are: 

y  -  0.9418X  -  19.86  (1) 

y  •  0.51S4X  ♦  117.18  (2) 

Knowing  that  y  equals  the  dapth  of  nitrite  naxiana  in  each  aquation  aad 


that  X  equals 


scattering  dapth  in  (1)  aad  deptit  of  nitrate  nini- 


in  (2).  we  can  solve  for  naxinun  scattering  depth  within  the  second 


l^rar. 


X  nax  • 


0.5134  fl-nitratel  ♦  137.04 
0.9418 


Sinilar  analyses  ware  parfomad  for  depths  of  naxinun  scattering 
ia  tha  surface  layer  versus  C|4  productivity  (fig.  6)  aad  dilorophyll 
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S  (fit*  7).  Mmii  aaltiipl*  |Maks  oee«md.  tte  bMt  Ht  im»  dwins. 

PISB**  •  mad  7  Amt  Hmt  sii^lffeMtly  potitiv*  eonwlatiaa  coiineiMits 
«dse  btwwi  acstaM  scattwii^  aadl  th*  Mologleal  pwnatws.  Otiibr 
■■Miitad  jMMavtm  eoal4  aot  b*  siguifieMtly  Mlatad  to  the  seattnliig 
l^ws. 

DISOBSION 

1b*  b<b«vl*t'  of  tiM  aigntiiig  scsttarlag  lay*rs  in  this  ur*n  diffm 

tbst  fboid  in  an  ar*a  innadiatcly  to  tit*  north.  Batzlar  and  Mnstar- 
ftald  (1953)  mport  th*  DSL  at  450  a*t*rs  and  a  rat*  of  nitration  of  2.3 
n/nin  in  thm  ar*a  of  Gnadalop*.  Siailar  typos  of  or^itas  oxist  in  both 
of  tboa*  araas  (Voostor,  1952;  Bony  and  Parkins,  1966),  thus  ladicating 
that  diff*r*at  eh«nical  charaetaristies  in  th*  O2  aininua  ration  are 
parhaps  ra^ensibl*  fbr  th*  diffarano*. 

lb*  diaraetaristic  iaaediataly  obvious  upon  inspaetion  of  th*  data 
is  th*  ralation  batuaan  th*  proaouncad  aitrit*  paak  and  th*  daytiaa  depths 
of  th*  sacond  layar.  Ibis  paak  is  significantly  correlated  with  th* 
depth  of  naziann  scattering  in  this  layar.  Nitrito,  under  these  condi> 
tions,  can  appear  in  two  ways.  It  can  be  radnead  by  organins  fro* 
nitrate  or  it  can  b*  oxidized  fron  lower  valence  nitrogen  precursors 
(Harvay,  1960;  Vaccaro,  1965). 

An  aasociatad  decrease  in  nitrate  concentration  correlated  with 
the  nitrite  paak  suggests  that  nitrite  is  being  fetasd  fron  nitrate. 

1b*  quantitative  nitrite-nitrate  difference,  however,  indicates  that 
a  dyaadc  systan  any  be  operating  with  th*  aitrit*  being  chng*^  at  a 
constant  rat*  to  sons  ether  coapound. 


(•.f.  11^2  w  II2)  «r  that  tin  ■Itrlta  is  loailiow  SMiailstSi  hf  sclkiK. 


Isas  at  tkaaa  iaptka.  OajrtiM  vertical  ■avaaint  of  dM  sacjwdt  ^>9^ 
ia  direct  relatiaa  to  aitrite-aitrate  eaaeaatratieas  apnMts  tfMt  tpi 
dqith  of  this  Iqror  is  beiag  affected  bjr  these  toe  paraaeters. 


Mi«iaM  scatteriag  eccmisd  ia  tile  sarfaee  lafwr  at  as  aanr  aa  . 
throe  depths,  saigestiat  tiMt  differeat  orpaisai  are  selectiMtf, 
ified  withia  this  legrer.  Plqrtoplaidctea  probably  cMaet  be  detected  eltil 
so  kHx  seead;  heoaver.  these  peaks  aqr  be  ranted  by  eifaa^as  oat  ■appiad 
bet  directly  related  to  the  phyteplatictea.  Cerrelatioa  ef  — — 
scatteriag  eitii  predectivity  aol  staadiag  crap  aeamieaaats  iadieates 
that  these  paraaeters  are  aaasarable  with  a  sooad  searca.  Ooiiat  te  the 


crude  aethed  used  for  deteraiaiof  peaks  ef  scatteriag,  this  cerrelatisa 
has  act  beea  fiialy  established.  The  use  of  a  higher* f reaaeacy  seoad 
soerce  er  perhaps  filtered  white  aeise  te  deteraiae  absolute  peaks  ef 
scatteriag  uitiiia  the  surface  l^rer  and  ccaperlsoa  ef  these  peaks  uith 
Ci4  aad  dilerophyll  a  aavlaMas  could  lead  te  a  rapid  aad  easy  aetiMd  ef 
deteraiai^  these  persaeteri . 


siMHiunr 

Three  scatteriag  layers  are  sheoa  te  exist  ia  the  aiaiiaa  Oj  rsgiaa 
of  the  eastera  tropical  facific.  The  surface  layer,  a  aoaalgrafiag 
scatteriag  Iqrer,  varied  ia  tiiidoiess  betoeea  62  aad  ITS  aeters.  The 
top  of  tile  secoed  Iqrer,  betoeea  22  aad  9S  neters  tiiidc,  had  d^rtiae 


depths  raagiag  froa  238  to  S20  aeters.  The  top  of  the  third  layer. 


scat  frit  witiiia  tiMc  **m  dstcndacd 


^flM 


.  Rsfrcssim  malysM  wrs 


dsfndMd  bctuMB  varifliM  biological 


ma  lb  Mi  cal  pacaaccsri  aad  dopcka  of  aartaua  seattorit*  Ibo  analyses 
ohoo  f^k  idivttb  onoMtraticas  to  bo  iatfaf  ly  f  latad  f  tbo  sballow- 


iabatlMbibig  itattoriag  Itw.  This  Itym  dtaogos  dspth  in  direct 
folatioo  to  lho  Bitrlf  podc.  Nsxiann  scattering  ia  the  surfOce  lt«>^ 


nao  OM^latiai  vitb  aniaBa  C|4  activity  aad  dilerophvll  £  coecantra- 
tiaaa,  laggoaftag  tkat  tbese  parawtari  aay  possibly  be  asasured  by 


Ibaal  catsbet  seggest  tiutt  aasll  bat^fpelagic  fiibes  wd  seeplMktoa 
caaso  the  idsaUest  idgrstiag  layer  aad  that  large  batbypelagic  fiabea 

CVBMa  mIv  • 
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Table  1:  Seattarlac  Layer  Aaaljraia 
(aeters) 


Depth  to  Top  IhldoMat  ot 


Date 

Station  Niakber 

Ut.  N. 

Long.  M. 

of  Layer 

L^rer 

Seakteriaf 

7/lV/«7 

652 

16*22' IS" 

99*55' 

(2)  2S8 
(S)  SS8 

(1)  DO 

(2)  36 

(3)  38 

(1)  45 
(D  256 
CD  357 

•/IV/«7 

65S 

IS  58 

99*47' 30" 

(2)  289 

(3)  S69 

(1)  86 
(2)  22 
(3)  55 

(1)  54 

(2)  300 

(3) 400 

#/IV/d7 

654 

IS  22 

100  06 

(2)  289 
(S)  S80 

(1)  106 
(2)  60 
(3)  45 

(1)  20 

(2)  314 

(3)  406 

lf/IV/«7 

655 

14  55 

100  04 

(2)  S20 

(3)  402 

(1)  132 

C2)  39 
(3)  27 

(1)  73* 

(2)  354 
CD  411 

ll/IV/«7 

656 

14  57 

99  52 

(2)  274 

(3)  391 

(1)  100 

(2)  64 

(3)  91 

(1)  -** 

(2)  312 

(3)  411 

12/IV/67 

657 

14  28 

100  10 

C2)  296 
(5)  387 

(1)  143 

(2)  47 

(3)  26 

(1)  82* 
(2)  316 
(D  406 

14/IV/d7 

65i 

13  SO 

100  50 

(2)  263 

(3)  411 

(1)  123 

(2)  95 

(3)  55 

(1)  -•* 
(2)  301 

CD  448 

lS/IV/67 

659 

13  26 

101  36 

(2)  S07 
(5)  417 

(1)  145 

(2)  50 

(3)  44 

(1)  01* 

(2)  329 

(3)  435 

17/IV/«7 

660 

13  35 

103  28 

(2)  320 

(3)  420 

(1)  00 

(2)  48 

(3)  46 

(1)  04* 

(2)  338 

(3)  430 

lg/IV/«7 

661 

13  SO 

103  37  30 

(2)  SOS 

(3)  391 

CD  *2 

(D  40 

CD  48 

(1)  -•* 

(2)  321 

(3)  406 

*  The  or  aare  peaks  noted. 
Mffe  diseembble  peak. 


(1)  Surface  layer 

(2)  Shallowest  aigrating  layer 

(3)  Deepest  aigrating  layer 
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T*l«  1  (eea.) 


tMOm  mf 

ter  -Ue.  U. 

iMg.  V. 

DlfCk  to  top 
of  Ugror 

Ikickaoos  of 
Lqror 

toptli  of  NudM 
Scottotlat 

nhf/ir 

t2 

IS'lS* 

104*42'30" 

(2)  2tS 
(S)  440 

(1)  ts 

(2)  tl 
(S)  S7 

(1)  S*  “ 

(?)  *30  , 

(S)  400 

timing 

n  t 

MS 

*  < 

1<  St 

Its  4t 

(2)  2*7 
(S)  S2S 

(1)  tt 

(2)  2* 

(S)  27 

(1)  S4 

(2)  ?*l 
(S)  SS2 

♦  *t 

M4 

it  02 

its  41 

(2)  2tS 
(2)  JtO 

(1)  ITS 
(?)  <4 
(S)  SS 

(1)  S7 

(2)  S*?^  ; 
(S)  401 

w0tr 

<>,  ' 

'  i 

6M 

'a  St 

IM  24 

(2)  2tt 

CD  StS 

(I)  122 
.  (?)  5* 

(S)  *3 

(1)  20 

(?)  ?»!. 

(1)  420 

mtrf7 

^  i 

M< 

\  i 

^  21  S7 

.  '* 

107  10 

(f)  27f 

W  3»7 

(1)  14* 

.(«  S2 
(S)  40 

(1)  40 
(?)  ?f* 

(S)  4*0 

MAXIMUM  SCATTERING 


SCATTERING  IN  THREE  LAYERS 
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FIGURE  5  REGRESSION  ANALYSIS  OF  NITRITE  MAXIMUM  VS  NITRATE  MINIMUM 


eOCUMINT  CONTROL  DATA  -RAO 


JBumttr  »!■— IWfH— W  tim.  •<  rtiWfl  mtt  ttt*n 


I  tk»  •«Maw  nmtn  l»  ■ 


CharactAristies  of  Scattariag  Uyan  ia  tha  0,  IliaianB  Ragioa  of 
tka  Easton  Txopical  Pacific  and  Tbair  Ralation  to  liolOgical  and  ChaBical 


4.  OC9CM»TIO 


I  •#  Mparf  mil  Imtimtw  4om«> 


U.  $•  Naval  Ocoaaofr^hic  Offico 
Nashiafton,  D.  C.  20390 


^^throo  scattariag  Iqrars  exist  ia  tha  aiaiaiai  0,  regioa  of  tho  eastoxa  tropical 
Pacific.  Maxlawa  scattariag  withia  thosa  layers  wi^  dataraiaad  by  dacreasiag 
achosooiidar  gala,  Ragrassion  aaalysas  ware  aada  of  various  biological  aad  chodcal 
paraaatari,  aad  eorralatiiaa  coafficiaats  bat  wean  these  paraaaters  aad  aaxiaua  scat- 
tariag  depths  ware  dataraiaad.  Tha  corralatioa  coefficients  show  peak  nitrite 
coBcaatrstioas  to  be  iatiaataly  xalatad  to  tha  shallowest  aigrating  scattering 
lajrar.  In  additioa.  corralatioas  batweaa  peaks  of  scattering  ia  the  surface  l^rer 
and  C|4  activity  aad  diloro^iyll  a  concantratica  suggested  that  these 

paraastars  any  possibly  be  naasurad  by  hi^-fraqueacy  sound  sources. 

Trawl  data  suggest  saall  bathypalagic  fishes  and  xooplanktoa  as  causes  of  the 
shallowest  aigrating  scattariag  layer  and  large  bathypalagic  fishes  as  the  cause 
for  the  deepest  layer. 
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